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Abstract 
The era of legislation and creditable methods towards producing sustainable buildings is upon us.  
Yet, a major barrier to achieving environmental responsive design is in the lack of available 
information at the programming or pre-design phases of a project.  The review and evaluation of 
climate as well as energy-efficient strategies could be difficult to consider at these preliminary stages.  
Until recently, introducing energy simulation tools at the design stage has been difficult and perhaps 
next to impossible at a pre-design or programming stage.  However, analysis of this sort is essential to 
‘green building rating’ or performance assessment schemes such as LEED (Leadership in Energy and 
Environmental Design) and BREEAM (Building Research Establishment Environment Assessment 
Method).  This paper discusses the implementation of a particular tool, ENERGY-10, where ‘base-
case’ building defaults are compared to a low-energy case which has applied multiple energy-efficient 
strategies automatically. An annual hour-b y-hour simulation provides a daylighting calculation with a 
subsequent thermal evaluation.  Calculation results provide energy consumption, peak load equipment 
sizing, a RANK feature of the energy-efficient strategies, reporting of CO2, SO2 and NOx reduction, 
optimum glazing type as well as excellent graphic output.  Consideration is given as to the approach of 
how such information can be introduced into the building project brief enforcing a low-energy 
performance target. 
INTRODUCTION 
Over thirty years ago the American Society of Heating, Refrigeration and Air-conditioning Engineers 
(ASHRAE) introduced a protocol for energy efficiency in buildings.  This protocol has been revised 
substantially over the years and has joined with the Illumination Engineering Society (IES) producing 
the ASHRAE/IES 90.1-2001 standard.  With the ever-increasing rating schemes being developed to 
produce guidelines and regulations for the procurement of ‘green buildings’ many have adopted this 
ASHRAE standard where appropriate.   One such rating scheme, prepared by the US Green Building 
Council (USGBC) has produced LEED (Leadership in Energy and Environmental Design) where the 
“ninety point one” standard is referred to throughout.   
 
The problems with many of these rating and assessment methods are that they often do not reference 
the tools which could assist in producing the required results.  Although there are dozens of software 
packages available, it has been difficult to quantify and rationally justify the implementation of energy-
efficient strategies and systems into a building project.  This has partially been attributed to by the 
difficulty in using available simulation programs.  In many cases, the Building Rating Schemes are not 
requiring the degree of sophisticated detail as required by a software program.  Rating schemes are 
asking for component by component justification.  In most software programs the strategies for low-
energy designs are not easily implemented and must be done on a single ‘test and see’ basis.  
Furthermore, the process is not simplified for the user and defaults for energy-efficient strategies, 
within the program structure, do not exist.    
 
We are now approaching a turning-point in simulation, where quick and accurate estimates of energy 
performance for hour-by-hour climate data are possible.  The additional feature is that such programs 
offer a holistic energy performance analysis, that is, they include climate analysis, daylighting, thermal 
comfort, HVAC system type and sizing, emissions, glazing type and shading performance to name a 
few.   
 
The level at which informati on is required changes within the various stages of building procurement.   
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However, it is necessary to have some idea of the service requirements in the early design stages.  
Therefore, it is necessary that decisions made about environmental building components should be 
considered at the pre-design and concept design stages, as the effectiveness of a decision has a 
much greater impact at this early stage (Figure 1).  It is more difficult for the engineer to have a greater 
impact on the mechanical system selection in the later stages of a design, yet, it is up to the architect 
to realise and demand the experts input of knowledge at the pre-design stage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.   The Impact of a Decision in the Procurement of a Building (IEA Task 31) 
 
 
With this in mind, architects and engineers must work collaboratively if environmental building services 
are to be effectively integrated into a project at the pre and concept design stages.   
HIGH-PERFORMANCE BUILDINGS 
The global drive towards sustainable development has resulted in increased pressures on building 
developers and designers to produce buildings that demonstrate a markedly higher level of 
performance.  The Green Building Challenge was formed as an international consortium to develop 
and tes t a new method of assessing the environmental performance of buildings.  An advantage of a 
global standard for building performance assessment is that it will enable researchers to exchange 
information between countries and develop a uniform weighting of performance parameters (K. Cuttle, 
2003).  These rating programmes are developing performance assessment of building components; 
building fabric, glazing, lighting, integrated lighting control, HVAC system type, etc.  Yet, it is a concern 
that such rating programmes need to evaluate such components, with regards to energy-efficiency, 
concurrently.  
 
Commercial building owners are beginning to realise the benefits of ‘corporate architecture’ 
representative of an environmentally responsive building typology.  Corporations want icons 
demonstrating innovation of a future building typology that will express and address ecological and 
environmental concerns.  With respect to such innovative buildings, clients want integrated solutions, 
ones which provide fair answers to all parties and meet their perspective needs in as short a time as 
possible.  A successful environmentally sustainable or low -energy building cannot exist unless all 
participants are convinced that there are advantages, profit and benefits for all.  A selected design 
team, at the earliest possible stages of the project is therefore necessary. The development and 
application of guidelines for an Integrated Design Process are required if the design teams are going 
to advance and depart from a traditional linear design process Figure 2 (Luther and Love, 1998, 
Lohnert et. al., 2002). 
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An environmentally responsive building requires a broad range of issues and qualities to be 
considered during this design process including: 
 
· The incorporation of natural surroundings and climate into the design concept. 
· The cost and operational effectiveness of several energy-efficient strategies. 
· Optimised implementation of renewable energies co-ordinated with technical equipment and 
environmental control strategies. 
· Communication of the philosophies, control strategies and service functions to the occupants 
and building users. 
· Constructive co-operation with the design team (client, designers, operators, users, 
contractors etc.)  
 
 
 
 
Figure 2 The Building Project Phases and their Review Process in Non-Linear Design (IEA –
Task 23, 2002)  
EARLY PROJECT STAGES 
In spite of what and when an assessment upon adoption of a particular ‘green building rating tool’ 
might take place, in reality, the very early programming stages of a project require the most 
information.  After the pre-design stage there is less likelihood of altering a projects’ budget.  
Unfortunately, the type of HVAC equipment and the benefits of multiple energy-efficient strategies, at 
this stage in the project, are all educated guesses at best.  Quantity surveyors are continuously 
demanding quantified evidence and a cost-benefit-analysis of a particular environmental strategy or 
selected system.   The client wants knowledge of the buildings actual performance; comfort range, 
operational energy savings and increased / decreased capital cost.  In fact, there exists an enormous 
pressure on the architect and engineer to make integrated decisions on the building design, structure, 
materials and mechanical systems very early in the project.   
 
The first step towards an environmental building is the commitment from the design team on a project 
brief. The brief or building program should be the guiding and bonding agreement towards a 
sustainable building.  All the contributing parties should have input to and become involved in this 
brief.  Once established it is essential that the objectives of the brief are reviewed, as indicated in 
Figure 2, at the various project stages.  Any departure from the project objectives, as set out in the 
brief, must be justified and accepted by the project design team.  It is also mandatory that this process 
extend into the documentation / specification as well as the commissioning stages. 
 
A Multi-Criteria Decision Making tool has been developed with the above mentioned design and 
review process in mind Figure 3 (IEA – Task 23).  This tool is a step towards unifying a decision 
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among a highly diversified set of players.  The use of this tool permits a selection of important project 
criteria to be identified as well as evaluated by the project team.  In this case, all the players have 
equal input on a decision and subjective criteria are considered through an objective ranking.  The 
criteria to be evaluated are left to the design team and result in the ‘star-diagram’ as illustrated in 
Figure 3.  At the early stages of this process, an evaluation of the importance of each of the criteria by 
each of the team members takes place.  It can also be decided upon whether there is a ‘weighting’ of 
importance among the selected criteria.  Although this method may not be considered flawless to 
actual real-world decision-making, it offers a highly organised process and leaves the design team 
with some sort of satisfaction that a method of evaluation was in fact considered. 
 
 L i f e - C y c l e   C o s t 
R e s o u r c e   U s e 
  
I n d o o r   Q u a l i t y 
F u n c t i o n a l i t y 
E n v i r o n m e n t a l   L o a d i n g  
Architectural 
Quality 
Standard 
Building 
Environmental 
Building 
 
 
 
Figure 3   A Multi-Criteria Decision-Making Tool  (IEA  Task 23, Solar Heating and Cooling) 
 
APPLYING SIMULATION PROGRAMS 
With the inception of several green building rating programs such as LEED (for example) requirements 
of the ASHRAE/IES 90.1-2001 standard are expected to be met. For a new building this evaluation 
should take place at some point during the early stage.  Preferably during the construction of the brief 
and in the pre-design of the project, convincing information on the potential of an environmental 
sustainable solution for a particular location is required.  This leads to an analysis of the climate and 
the potential of passive and hybrid technologies for a building in that locale. All too soon, we are 
providing a pre-conceived design accompanied by innovative devices that promise a successful 
solution to the client.   
 
There are several simulation tools offering useful climatic analysis.  One of them, ECOTECT, provides 
an additional implementation of passive and hybrid environmental systems to the climate analysis 
(Figure 4).  This example does not provide a design solution, nor is it intended to.  What is provided is 
the awareness and possible target setting for what a project could achieve for a particular climate.  
Such information is extremely useful and allows the design team (particularly the engineer and 
architect) to make early decisions on conditioning systems and possible costs.   
 
The next level of investigation might consider several energy-efficient strategies that are feasible for 
this particular climate.   Such strategies might include: 
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· Daylighting 
· Insulation 
· Performance Windows (glazing) 
· High-performance HAVC 
· Reduced infiltration 
· Shading 
· Reduced duct leakage 
· Economiser cycle   and, 
· Photovoltaics  
· Energy-efficient lighting and control 
· Thermal mass and passive design 
 
 
 
Figure 4   Climate Analysis According to Various Design Strategies  (ECOTECT) 
 
These energy-efficient strategies would require a step-by-step implementation as well as a 
simultaneous applied overall result.   Again, it would be useful to have knowledge on the 
implementation of these strategies at the beginning of a project, preferably at the pre-design stage.  
This implies that a method of demonstrating the effect of energy-efficient strategies is required.   Such 
a method might consider a base-case building typology for its location.  In other words, a reference 
building, which would consider the typical construction, energy use, window type etc. of that particular 
building typology.  A building typology categorises a particular building use, for example, a grocery 
store, warehouse, office, school, residence etc.  Generally speaking, such building typologies are 
unique to the HVAC and auxiliary equipment, lighting schedule and average kWh/m²/annum energy 
consumption.  
 
It would be beneficial to the project team, especially the quantity surveyor, to have knowledge of what 
systems might be considered economically viable from onset of the project.  If such a tool for analysis 
where available, it would again not require a particular building footprint or design.  In fact, a basic 
shoebox with the correct orientation and some proportion (width – length building ratio) might 
satisfactorily provide the necessary information at this initial stage of the project.   What we basically 
want at this stage is some knowledge of a building fabric, those energy-efficient strategies which are 
best applied to this climate, and an indication of what amount of window -wall ratio for each orientation 
might be optimal for energy-efficient daylight. 
 
Not since the inception of a program called ENERGY-10 has the above been made possible as well as 
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dead easy to calculate.   At the very basic input stage to considering a shoebox design a reference 
(building typology) together with its base-case is selected.  This typology will be analysed as a 
shoebox (a rectangular width to length building) design.  The shoebox ratio can be user adjusted as 
well as changes to the reference / base-case building construction, user schedules, HVAC equipment 
etc. could be made.  Most importantly, 12 (of the above previously listed) energy-efficient strategies 
can be implemented and considered on this reference building.  The result is an analysis of a standard 
reference / base-case shoebox as compared to a low-energy one for the selected climate.  
 
ENERGY-10 provides the valuable results of energy-efficient strategies simultaneously as well as on a 
selective step-by-step implementation.  It provides th is information using a rigorous hour-by-hour 
thermal simulation engine coupled together with a regional hourly climate data file (Balcomb, 1998).  
The solar data in the climate file is applied to rigorous sunlight (direct daylight) and skylight (daylight 
from the skyvault) routines, allowing a subsequent daylight-thermal analysis to be made at the very 
early stages of a project.   
 
The emphasis is placed on the front end and the back end of this program, the user interface and the 
graphic output.  As a result, two main philosophies are embodied in the program: the value of an 
integrated design approach and the need for energy-efficient strategies at the early design stage.   
Only 5 inputs are required to start the simulation and analysis process: 
 
· Geographic location 
· Total floor space  
· Reference building typology (from a list of nine) 
· Number of stories 
· Type of HVAC system (from a list of 12) 
 
 
Figure 5 Energy Comparison Between a 
Base-case and a Low -Energy Building 
Figure 6 A Ranking of Energy-Efficient 
Strategies (ENERGY-1 
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The output of a simulation provides the standard reference to be compared with the low-energy case 
building Figure 5.  An automatic ranking is performed to demonstrate which energy-efficient strategies 
are the most effective Figure 6.  Rank adds one of the 12 strategies used in ENERGY-10 at a time.  
The function simulates an unmodified building with just a simple strategy, performs the result, and 
saves it.  The strategy is then “unapplied” and the next efficient strategy is inserted.  This method is 
used when the user wants information on the most effective strategy applied to the specific building 
design.  It is suggested here that this ranking be considered at the pre-design stages of a project.  
Ranking is performed on a single strategy-by-strategy calculation.   
 
The building fabric and its construction material are an important influence on producing the low-
energy case building.  In the past, researchers used to perform numerous thermal and lighting 
simulations to obtain the most effective and optimum window design (glass type) and sizing for the 
various orientations of a building (Sullivan et. al., 1992).  With ENERGY-10, such rigorous and time-
consuming processes are no longer necessary.  The program automatically selects for the base-case 
the standard amount of window area for each orientation, while the optimum window area for each 
orientation is calculated for the low-energy case.  The low-energy result is representative of both 
thermal and daylight optimisation for a specified (or default) glazing selection.  Again, this 
demonstrates the powerful simulation capabilities at the very early design stages of a project with 
ENERGY-10.   
CONCLUSION 
Although this paper, through its title, may have implied several different avenues towards the 
production of a low-energy building,  the point being made here, is that tools already exist which 
supersede the scenario-by-scenario calculation approach.  Today, we can introduce more than 
approximate figures of daylight and thermal performance into our project brief and at the pre-design 
stages.   It is important to realise that at a very early stage in any building project, an initial analytical 
method, such as the one proposed in this paper, be considered.   
 
If we are able to genuinely produce low-energy buildings that profit the building owner, occupant as 
well as the environment then we seriously need to adopt a different method in building procurement.   
The entire design process requires a review in method, its thinking and implementation.  Producing 
low-energy building fabrics is inclusive of the total design process and its constant review of set 
performance targets.  To put it in the words of Dr. Balcomb:   
 
“It is well known that the added cost of an energy-efficient building need not exceed that of a 
conventional building because the cost of other upgrades (insulation windows, shading, high efficiency 
equipment) can be paid out by money saved from the reduced cost of installing smaller HVAC 
equipment.” 
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